Introduction
Binge eating disorder (BED) is a provisional, new eating disorder (ED) diagnosis specified by Diagnostic and Statistical Manual of Mental Disorders, 4th edition (DSM-IV).
1 BED appears to affect about 2.5% of adults in the community, 2 but may occur in up to 30% of obese subjects seeking treatment at weight loss programs. 3 -5 Obese subjects with BED appear to be clinically different from their non-BED counterparts, demonstrating increased adiposity, 2,6 frequent significant weight fluctuations, 7, 8 greater disturbances in eating attitudes and body image, 9 ,10 lower self-esteem and poorer self attitudes, as well as higher levels of depression, anxiety and personality disorders. 10 -13 In laboratory settings, obese BED subjects are reported to eat significantly more calories than obese non-BED subjects when asked to eat as much as they want 14 or simply to eat normally. 15 Furthermore, they consume a greater percentage of energy as fat and less as protein in such settings. 15 Therefore BED and non-BED subjects may be different not only in terms of the presence or absence of binge eating behavior but also in terms of psychiatric morbidity, health status and objectively measured eating attitudes and behavior.
To the best of our knowledge, BED has not been widely studied in extreme obesity, which is now estimated to affect about 3% of US adults (extreme obesity is defined as body mass index (BMI) 40 kg=m 2 ). 16 Kalarchian et al 17 studied BED in bariatric surgery patients but other prospective studies using structured clinical assessments to assess eating pathology do not appear in the literature. To further examine whether BED is a clinically meaningful category in extreme obesity, we studied 37 extremely obese subjects prior to undergoing gastric bypass surgery (GBP) in terms of their eating disturbances, psychiatric morbidity, health status, and 24 h liquid meal intake in a clinical research unit. The purpose was to determine whether extremely obese BED subjects differ from their extremely obese non-BED counterparts in these measures. Ultimately, we sought to clarify the characteristics of BED in extreme obesity.
Methods

Subjects
The subjects were 37 adults (31 women, six men, reflecting the gender ratio of the patient population) who were awaiting GBP for weight reduction at the Tufts New England Medical Center (Table 1) . Individuals were ineligible for the study if they had diabetes or other endocrine disorders, cancer, coronary heart disease or if they were taking medications known to affect bodyweight or energy expenditure. Subjects taking serotonergic antidepressants were accepted if their medication dosage was stable for 3 months prior to participation. All subjects were monitored for weight stability for 1 month prior to the study and only those who were weight stable (bodyweight maintained within 2.3 kg of starting weight) were allowed to participate. Among subjects who met eligibility criteria, about 15% were accepted into the study. The study protocol was approved by the Institutional Review Board at the New England Medical Center. Written consent was obtained from all subjects.
Psychometric testing
All subjects completed a battery of tests including: (1) Eating Disorder Examination, 12th edition (EDE), 18 a standardizedinvestigator based interview that is designed to assess the specific psychopathology of anorexia nervosa, bulimia nervosa and binge eating disorder; (2) Three Factor Eating Questionnaire (TFEQ), 19 an interview designed to assess three dimensions of eating behavior -(a) cognitive restraint of eating, (b) disinhibition, and (c) hunger; and (3) Structured Clinical Interview for DSM-IV (SCID-IV), 20 a structured diagnostic interview to identify psychiatric diagnoses. The diagnostic modules are formulated in accordance with the diagnostic categories of the DSM-IV Short-Form Health Status Survey (SF-36), 21 a widely used self-report questionnaire for assessment of health status covering areas such as physical health, bodily pain, social functioning, emotional functioning and mental health.
For the purpose of this study, BED was defined by the presence of binge eating episodes within the past 3 months of the EDE examination, as opposed to the 6 months duration provided in Appendix B of DSM-IV, 1 outlining criteria for further study of BED. Within our subject population the frequency of binge eating was varied over the 3 month period examined. In order to capture this variable phenomenon, and include those subjects who have binges but do not meet full criteria, we created a partial BED category. BED was subdivided into: (1) full criteria BED (BEDF) for subjects who had an average of at least two binges per week within the last 3 months; and (2) partial criteria BED (BEDP) for subjects who had an average at least one binge but less than two binges per week over the last 3 months. Non-binge eating (NBE) was defined as less than one binge per week in the last 3 months.
Subjects also underwent a 24 h Feeding Paradigm, during which subjects were admitted for 36 h to the Clinical Studies Unit (CSU) of NEMC. The purpose of the feeding paradigm was to obtain quantitative evidence of food intake and to study hunger and satiety under controlled circumstances for 24 h in response to a single item test meal consisting of a liquid formula, Pediasure (Abbot Laboratories, Columbus, Ohio, USA). The use of a single item liquid meal for the test meal in the feeding paradigm with provision of frequent (continuous if desired) feeding over a 24 h period is helpful because it permits use of a constant stimulus that is constant in energy, texture and flavor for each patient. The choice of a single-item liquid meal rather than a multi-item solid food meal was based on the findings of our pilot study (unpublished) , in which we found that some post-GBP patients BED in extreme obesity LKG Hsu et al developed abdominal discomfort or the dumping syndrome after ingestion of solid foods. As part of this paradigm, subjects were given PediaSure and water from 8 am to 8 am the following day after an 8 h overnight fast. Subjects were instructed to drink as much or as little as desired over the 24 h testing period. Subjects were not allowed to leave the CSU during their stay and no food or drink was allowed other than the liquid meal and water that were provided. Liquid meal and water were served in two separate 16 oz cups every hour (or sooner if subjects requested them) and placed on a scale linked to a computer (Sartorius AG, Goettingen, Germany) that recorded the weight of the cups every 5 min. The method is modeled after the Universal Eating Monitor originally developed by Kissileff 22 and used extensively with good results by other investigators (eg Halmi & Sunday). 23 Unused portions of PediaSure and water were weighed before being discarded. Subjects were asked to fill out hunger and satiety ratings on a visual analog scale at each hour.
Subjects also underwent body composition studies, resting and total energy expenditure studies and various metabolic measurements. The findings of these studies are reported elsewhere. 24 
Statistical analysis
For the purpose of this data analysis, BEDF and BEDP were combined to constitute the group of BED.
Throughout, comparisons of continuous variables between the two groups (BED vs NBE) were accomplished using independent t-tests. The gender composition of the groups was examined using the Kruskal -Wallis test. Comparisons between the BED and NBE groups for the SCID-IV variables used chi-squared (or Fisher exact where cell sizes were small) testing. Analysis of the 24 h feeding patterns used repeated measures analysis of variance followed by individual testing using the Bonferroni correction. Comparison of the SF-36 variables of our sample with the US norms used one-sample t-tests. Data were entered into and analyzed using SPSS version 10.0. P-values less than 0.05 were considered statistically significant.
Results
BED and NBE
On the EDE, four (11%) participants met full BED criteria (BEDF), five (14%) met partial BED criteria (BEDP), and 28 (75%) were classed as non-binge eaters (NBE), as seen in Eating Disorder Examination BED subjects differed significantly from NBE on the Eating Concern, Shape Concern, and Bulimia subscales, as well as the Global score of the EDE (P < 0.05, Newman -Keuls).
Three-factor eating questionnaire Only 28 of the 37 subjects completed the TFEQ at baseline. BED (n ¼ 6) scored significantly higher on the Disinhibition subscale than NBE (n ¼ 22). The three subscales correlated significantly with each other. The Cognitive Restraint subscale of TFEQ correlated highly with the Restraint subscale of the EDE (r ¼ 0.6, P < 0.01), but neither distinguished BED from NBE.
Structured Clinical Interview for DSM-IV
There was no statistical difference between BED and NBE in terms of DSM-IV Axis I diagnosis: Lifetime Major Depression, BED, five (56%), NBE, 15 (56%); Lifetime Alcohol Abuse, BED, four (50%), NBE, four (15%); Lifetime Substance Abuse, BED, three (38%), NBE, three (11%); Lifetime Panic Disorder, BED, four (44%), NBE, four (15%), Lifetime PTSD, BED, three (33%), NBE, 12 (44%). Axis II data were not collected.
SF-36
All study subjects, pooled, had significantly lower scores than US norms on all the subscales of the SF-36 (Figure 1 ). The two groups (BED vs NBE) were different from each other in three of the subscales: Role Physical (F ¼ 2.8, P < 0.01), Role Emotional (F ¼ 0.053, P < 0.05), and Social Functioning (F ¼ 0.002, P < 0.05). In each case, BED had poorer functioning than NBE.
24-Hour Feeding Paradigm
For the entire 24 h period, BED (mean, s.d. ¼ 5967.4, 2491.8) consumed significantly more liquid meal (g) than NBE (mean, s.d. ¼ 2360.2, 1751.7; F ¼ 2.7, P < 0.01, Figure 2 ).
Dividing the 24 h into three 8 h blocks (8 am to 4 pm, 4 pm to 12 am, 12 am to 8 am), BED consumed more liquid meal at each 8 h period than NBE (t-test with Bonferroni correction).
In particular, BED demonstrated 'night eating' during the 12 am to 8 am time period. However, BED and NBE did not differ statistically for the EDE item 'Nocturnal Snack' (eating after gone to bed). In addition, 'Nocturnal Snack' is only weakly correlated with total 24 h meal intake, 8 am -4 pm intake, and 12 am -8 am intake.
Water intake was not different between the two groups either for the entire 24 h or for each of the 8 h time periods. Hourly hunger ratings for NBE were found to be highly correlated with hourly meal intake (r ¼ 0.84, P < 0.01), but hunger ratings did not correlate with meal intake for BED (r ¼ 0.30).
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Discussion
This is one of a few studies to examine the eating behavior and attitudes, psychopathology and health and adjustment status of extremely obese subjects about to undergo GBP for weight reduction. There were several limitations to this study. The number of subjects were relatively small, and they represent a small percentage of the total number of the GBP-seeking patient population from this clinic. Because we used the Eating Disorder Examination, frequency of binge eating was determined for the past 3 months and not the past 6 months, as stipulated by the provisional research criteria in DSM-IV. 1 Our BED criteria therefore differed from that proposed in the DSM-IV. Furthermore, the subjects often described a change in their eating behavior (including their binge eating behavior) once the decision was made to undergo GBP, an issue we will return to later in our discussion.
Our findings support the validity of the category of BED within a population of extremely obese individuals before undergoing GBP. In terms of eating attitudes as measured by the EDE, subjects that met our criteria for BED (at least one binge per week over the last 3 months) were different from NBE in terms of higher Eating Concern and Shape Concern as well as higher Global scores on the EDE. These differences reflected a greater disturbance in eating attitudes among the BED group. By and large, our findings confirmed those of other investigators. Kalarchian and colleagues, 17 studying a group of pre-surgery extremely obese subjects, using the same frequency criteria for defining BED as ourselves, found those with BED to score higher on several items of Eating Concern and Weight Concern subscales of the EDE as compared to those with NBE. Wilson and colleagues, 13 using the self-report version of the EDE to study a group of mild to moderately obese subjects (BMI between 30 and 40 kg=m 2 ) found a higher level of eating disturbance and body dissatisfaction in the BED group, although they used a frequency criteria of at least two self-reported binges per week. Comparing moderately obese BED with normal weight bulimia nervosa subjects, Marcus et al 25 found a similar level of Eating, Shape and Weight concern among the two groups, and the only difference on the EDE among the two groups was higher Restraint scores in the bulimia nervosa subjects. Greater disturbance in eating behavior and body perception was also reported by Mussell et al 26 in a study of a group of mildly to severely obese women seeking weight loss treatment. Using the EDE, Wilfley and colleagues 10 found significantly more eating disorder associated psychopathology in BED than overweight non-BED controls on all except the Restraint Subscale of the EDE. Therefore, from a descriptive point of view, BED can be distinguished from NBE in the Figure 1 Pre-op GBP patients (n ¼ 37) and US norms (n ¼ 2474) for SF-36. PCS, Physical Summary Component (P < 0.01); GH General Health Perceptions (P < 0.01); MCS, Mental Summary Component P < 0.02; V, Vitality (P < 0.01); PF, Physical Functioning (P < 0.01);SF, Social Functioning (P < 0.01); RP, Role-Physical (P < 0.01); RF, Role-Emotional (P < 0.01); BP, Bodily Pain (P < 0.01); MH, Mental Health (P < 0.01). PCS and MCS are summary scores of the eight other SF-36 scales. BED in extreme obesity LKG Hsu et al extremely obese population in terms of concerns about shape and weight, as measured by the EDE.
The TFEQ was somewhat less discriminating in that only the Disinhibition subscale distinguished the two groups. In common with other studies, 10, 17 we found that BED and NBE subjects did not differ on either the EDE Restraint or TFEQ Cognitive Restraint subscales. Perhaps BED in extreme obesity is more a result of greater disinhibition, while the extreme obesity in both groups may be related to relatively low 'restraint'. On the SCID-IV, we did not find a higher level of general psychiatric psychopathology among BED. This finding, based on a small number of BED subjects, was contrary to that of other investigators such as Marcus et al, 25 or Mussell et al. 26 Wilfley and colleagues 10 did not find Axis I psychopathology to be significantly related to baseline eating disturbance in BED, although Axis II psychopathology was significantly related to more frequent binge eating and greater eating psychopathology; unfortunately we did not study Axis II psychopathology in our sample of subjects. The high prevalence of depression in both BED and NBE is consistent with previous findings of a high lifetime prevalence of major depressive disorder in the extremely obese (29 -51%). 27 -29 However the findings may be difficult to interpret given our relatively small number of highly selected subjects and the absence of a control population. The issue of comorbid psychopathology in BED awaits further study.
On the SF-36, a widely used health status survey, BED had lower scores than NBE on the 'Role Physical', 'Role Emotional', and 'Social Functioning' subscales, as well as an overall trend towards lower scores on most of the other subscales, both mental and physical. It would appear that BED subjects had a poorer physical and mental health status than their NBE counterparts, and that these differences could not be explained in terms of age or BMI.
On the 24 h feeding paradigm, BED subjects had a greater intake than NBE. This increased intake occurred only in terms of the liquid meal (PediaSure) but not water, and the increase occurred during each of the 8 h periods studied, including the period 12 am to 8 am This increased intake suggests impaired hunger=satiety control, and is confirmed by the lack of correlation between hourly hunger ratings and hourly meal intake. Increased intake during the night (12 am to 8 am) added validity to the concept of night eating first described by Stunkard in 1959 30 and confirmed in a subsequent study. 31 However, BED and NBE did not differ statistically in terms of the 'Nocturnal Snack' item from the EDE. Furthermore, this item was only weakly correlated with night time (12 am to 8 am) meal intake during the feeding paradigm. Perhaps night eating is better determined by direct observation than by interview.
An important unresolved issue regarding the concept of BED in extreme obesity concerns the unclear status of what we have termed 'partial syndrome' BED, whether it belongs with full syndrome BED or NBE. Several studies have found no difference between sub-threshold BED and full syndrome BED in terms of body image concern, dieting behavior and psychological distress. 7, 9, 32 In our experience, BED in some extremely obese subjects is a variable phenomenon: their binge eating appeared to be under their control, at least for brief periods. For instance, many of our patients indicated that, after they had been accepted to undergo GBP, they did not have the same fear of weight gain or dissatisfaction with shape and weight, and, once they became more relaxed, they seemed to gain better control of their binge-eating behavior. The EDE, as conventionally used, would not detect this change. Recent prospective follow-up studies have found that binge-eating in BED is not stable. Fairburn and colleagues, 33 in a prospective longitudinal study of a communitybased cohort of BED women, found that more than 80% of the subjects no longer qualified for a diagnosis of BED or any form of clinical eating disorder at 5 y follow-up. A short-term follow-up study yielded similar findings: 50% of a community-based cohort of BED women appeared to be in partial remission at 6 months. 34 We are in the process of conducting a 12-and 30-month follow-up study of these subjects and it would be interesting to determine if BED status changes with time. Because the identity of a psychiatric disorder depends in part on how persistent the symptoms are, and whether the same symptomss recur upon a relapse of the disorder, 35 the nosological status of BED is uncertain according to these criteria. The identity of BED in extreme obesity needs further study.
